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SUMMARY 



An axial-flow fan was tested with 6, 9, 12, 18, and 
24 lilades and with two different "blade sections. The 
range of contravane angle and "blade angle v/ithout contra- 
Vanes was extended "beyond the scope cf the tests of the 
same fan published in NACA Report No. 729. The results 
indicated that suitable fan control could he achieved 
over a small range of quantity coefficient "by varying the 
contravane angle; the highest efficiencies were usually 
c"btained v;ith the 12-Dlade fan; the rate of increase of 
maximum pressure coefficient and corresponding torque 
coefficient dropped with increasing solidity; and no large 
differences were found for the two different "blade sec- 
tions, 

Formulas are developed for computing lift coeffi- 
cients from f an-charact er i st ic data. Lift coefficients 
are presented for the condition of maximum fan-pressure 
coefficient , ^ . . 

INTRODUCTION 



A doctor's dissertation covering a comprehensive in- 
vestigation of axial-flow fans on the basis of aerody- 
namic theory by Curt Keller was published in Switzerland 
in 1934. This material was translated and abstracted by 
Prof. Lionel S. Marks .-^nd is available to American design- 
ers in reference 1. The report of an extensive experi- 
mental investigation of single-stage axial blowers is given 
in reference 2 . 

In connection v/ith tests of airplane cooling systemsi 
the NACA conducted a series of tests on an axial-flow fan 
with adjustable blades and contravanes. The results were 
published as an advance restricted report in 1941, v/hich 
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has "been revised and pulDlished as reference 3. One fan 
with 24 iDlades of 6 section was tested over a lim- 

ited ranr^e of olade r> nd contravane settings. 

BecgLUse of the possil^ility that greater efficiencies 
might oe ohtained with a smaller numher of TDlades for fans 
handling a large volume of air at a low pressure rise, 
tests ha.ve now "been made with four lov/or solidities. Some 
cooling and duct installations require a wide range of op- 
erating conditions that might "be obtained "by a change in 
"bla.de angle. The mechanism, required to control the "blade 
angles in a many-hlade huh leads, however, to serious me- 
chanical complications and tests v;ere included to show 
tha. effect of changing the angle of the contravanes to o'b-- 
tain this range of conditions. 

The curves for the characteristics of a fan vrithout 
contravanes have heen extended to "blade angles of 70 to 
cover the conditions that \^ill he encountered in installa- 
tions in v/hich the blades are directly attached to the 
propeller spinner or make up the front fan of a dual- 
rot at ing pair . 

The effect of airfoil section is shown "by m.aking 
additional tests with hlades of HACA 6413 section. Air- 
foils of this section have the maximum camber slightly 
farther hack from the leading edge than airfoils of R.A.!?. 
6 section and have a maximum lift coefficient of 1.67 as 
compared with 1.49 for the R.A.F. section. 



The results given in this report are presented in 
terms of nondimensi onal coefficients, applicable to simi- 
lar a.xial-flow fans. 

These coefficients are defined as follows: 



SYMBOLS 



C 



Ap 



pressure coefficient 




T 



torque coefficient 




Tl = 



1 Cp Q, 



e f f i ci ency 



2tt Crp nD^ 



Q,/nD quantity coefficient 

n 

Cm = contravane torque coefficient 

o 

»^ = — ~— lift coefficient 

vjhere 

Ap pressure rise across fan, pounds per square foot 

p mass density of air, slugs per cubic foot 

n rotational speed, revolutions per second 

D fan diameter, feet 

T torque, foot-pounds 

Q quantity rate of flew, cubic feet per second 

T^^ torque on contravancs 

L lift 

w velocity relative to the "blades 

solidity at radius r (Eb/2'nrr) 

A d i s k a r e a 

B number of blades 

Id blade width 

r radius to any point 

The following additional symbols are used in the 
text and figures* 

R radius to outside of fan (D/s) 

r^ radius of hub (C.69ll) 

a solidity 
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T-jj torque on tlades 

Tg angular moraentum in air stream 

T velocity 

APtj pressure incromont across "blades 
Ap^ pressure increment across vanes 

a stream angle TDetwoen contravanes and blades, degrees 

^ -blade angle at 0.714R, degrees 

y angle tetveon lift and re sultant -f or ce vectors, 

degrees 

6 angle between piano of rotaticn and velDcity of air 

relative to lalados, degrees 

s angle of stagger, degrees 

0 ccntravane angle at 0.714H, degrees 

,\|/ final stream twist angle (average), degrees 

APPASATUS 

The test apparatus was essentially the same as that 
of reference 3. Figure 1 shows the huhs with the vari- 
ous numhers of hlades. ?Jr the tests of five solidities 
a 2^-l3lade hxxh was used with 24, 12, and 6 hlados and an 
18--blade hub was used with 18 and 9 hlades. The corre- 
sponding solidities are: 

liTumher of hlades, Solidity, 
B 0 

6 0.21 
o .32 



12 -43 

.64 
.86 



18 
24 



In order to minimize the effects of unavoidable dif- 
ferences in hlade setting, the tests for the highest 
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solidities v/ore made first. Lower-solidity tests were 
then made "by removing the appropriate "blades and sulDstitut- 
ing steel plugs, which gave surfaces flush with the hub • 
The "blades remaining for the low-solidity tests ^^^ero thus 
undisturbed from their original setting. 

The original "blades used in the fan in the tests re- 
ported in reference 3 are of R.A.J. 6 section with a maxi- 
mum thickness of 12 percent of the chord. Each blade has 
T: straight twist of 2^ per inch of "blade length and is not 
tapered. 5"or the tests reported herein, 24 additional 
blades were made similar in all respects to the original 
cnes hut of NACA S412 airfoil section. (See fig. 2.) 



TESTS 



As in reference 3, all tests were run at a speed of 
3600 rpm except for cases in which the torque would ex- 
ceed 56.5 foot-pounds; tests in this range v/ere run at 
maximum torque. 

'^ith a hlade angle of 25^ and with the R.A.J'. 6 hlade 
section, a scries of tests was made for contravene angles 
ranging from 40^ to 115^. The angles were measured vrith 
respect to a plane perpendicular to the axis of the fan. 
Angles less than 90"^ indicate that the contravanes were 
turning the air against the rotation of the blades; for 
angles greater than 90 the air was turned in the direc- 
tion of the "blade rotation. 

Tests were run at the five solidities for both air- 
foil sections for blade angles of 25^, 35^, and 45^ v/ith- 
out contravanes and for a blade an.^le of 25^ with contra- 
vanes sot 70' . 

Tests were also run with 24 Divides and no contravanes 
blade angles from 20^ to 70^ for the H.A.F. 6 blade sec- 
tion and from 20^ t o 65*^ for the l^TACA 6412 blade section. 



RESULTS AND LISCuSSIOlT 

Extended contravane angles .- The results of the tests 
on extended contravane angles are given in figures 3, 4, 
and 5. Test points are emitted from these curves for the 
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sake of clarity. In figure 6 the values of Clp , , Tl , 

and Q/nD have been plotted against 0 for the condition 
of naximum efficiency. The efficiency between the values 
of 0 = 55^ and 0 = 85^ is reasonably sat i ^jf act ory . 
Shese same coefficients have been plotted in 3:igure 7 for 
the condition of maxiinum , There appears 1;o be a stall 

in the contravanes at some point betv;een 0 = 50^ and 0 = 
40^* This stall has probably caused an excesisive pres- 
sure drop through the contravanes and thereby decreased 
the fan pressure coefficient. 

For a fan operating at a fixed Q,/nD^, considerable 
Variation of pressure and torque can be obtained by vary- 
ing the contravane p.nglQ . ?or example, a fan operating 
at a Q,/nD^ of 0.45 with 25^ blade angle, thcj pressure 
coefficient can be varied from 2.46 at 0 = 50^ to almost 
zero at 0 = approximately 100^. There would at the same 
time, be p decrof^se in torque coefficient from 0.228 at 
0 = 50^ to 0.06 at 0 = approximately 100^. The effi- 
ciency will be greater than 80 percent betvreen 0 = 55 , 
Cp = 2.35 and 0 = 79^, Cp i.4 and will drop off rap- 
idly as 0 increases. The torque and pressure, hoiirever, 
will also drop off rapidly, with the result that the 
Wasted pov;er is very small. 

Although those tests have been run at on'.y one blade 
angle, the same general trend would probably i;ake place 
at any other blade ?^ngle. A fan designed wit}i controllable 
contravanes would have a |*airly satisfactory means of pres- 
sure control if the Q,/nD range v/cro not too great. 

Effect of solidity .- The results of the solidity tests 
are presented in figures 8 to 39. Curves for the R.A.F. 6 
section are given in groups of three showing variation of 
Cp, Crp, and T] with Q,/nD^ for different^ 'Dlade angles 
in figures 8 to 19; similar curves for the NAOA 6412 sec- 
tion are given in figures 20 to 31^. The variation with 
solidity a of C^ , Crj. , Q/nD^, aiid Tl for the two 

•^max 

sections are shown in figures 32 to 39. 

The curves of Cp and Cip ag^iinst Q/n"^^ for the 
different blade angles and both blade sections definitely 
show that the slope of these curves changes w:Lth solidity. 
The Q/nD^ for Cp = 0 pnd Cj = 0 also decreases with 
increasing solidity. This decrease might be ;ittributed to 



the increased Dlocking of the larger nurnoer of l^lades. 
The best efficiencies were obtained for the 9- or 12- 
blade fan. In most cases the efficicnc:'- for the 24~blade 
fans was 4 or 5 percent less than the maximum. There was 
little difference betv/eon the tv/o blade sections in the 
trend of efficiency for diiforont numbers of blades. ^'ig-- 
urcs 3p. to 39 -^cre cross-plotted from the other figures 
for the condition of maximum pressure coefficient, V/hen 
those curves wore cross-plotted, it v/as realized that the 
blade angles for the 18- and 9-blado tests might have 
been slightly different from the blade angles for the 24- , 
12-, and 6-bladc tests bec'^uso of the difficulty of accu- 
rately sotting the blades. 

These curves shov; thnt ^^hile increases with 

-max 

solidity for ^11 the cases tested, the slope of the curvi3s 
is decreasing. Tests have not been made for a sufficient- 
ly high solidity to warrant the assumption that, beyond a 
certain solidity, no increasj in pressure can be expected. 
With the exception of carves for 3 = 45'^, no contra- 
vanes, the variation v-ith solidity is practically the same 

for both blade sections. The efficiency at Cp^ shows 

max 

the value of c ont r v^^- no s at high solidity. At low solid- 
ities, higher efficiency is obtained without contravanes, 
because the contravanes absorb too l^rge a part of the fan 
pressure rise. 

Extended blade-rn^l e test .- Figures 4C, 41, ^nd 42 
shov; the fa.n characteristics without contravanes, with 
E.A.J. 6 blade sections, for birde angles from 20^ to 70^. 
Similar results for the !'ACA 3412 blade section are shown 
in figures 43, 44, and 45. The curves are discontinued 
at the stall. ?or both blade sections, the maximum pres- 
sure comes at or nenr the stall up t o 8 = 55 . Beyond 
P = 55 the maximuv. pressure does not occur at the stall • 
There appears to bo little choice between the two blado 
sections, either on the basis of maximum pressure or on 
the basis of efficiency. This statement cannot, howevcri 
be definitely made with respect to efficiency at the high 
blade angles, bec'^-use the equipment did not permit the 
test to roach the point of maximum efficiency at angles 
above 3 = 45^. 

figures 46, 4?, and 48 show the fan characteristics 
for operation with blaciGs of ilACA 6-112 section at p = 
70 . A comparison of those curves with those for the 
R.A.IT. 6 blado section in reference 3 indicates a slightly 
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higher efficiency vrith the H.A.F, 6 blades and also a 
sli-;htly higher maxinum pressure except at hi..,^h blade an- 
gles. 

As a check on the method of measuring pressures, a 
Eianoivieter v;as connected to static orifices on each side 
of the fan. One side of the manometer was coimected tc 
an orifice in the outer fan casing upstreani o:r the contra 
venes; the other side was connected to tv;o cr::fices down- 
stream of the fan. One orifice was in the ou^;er casing 
and the other was in the cylindrical pert of ^^he huh fair 
ing. Valucs of were computed from the manometer 

readings and are plotted against Q,/nD^ in f:Lgure 49. 
The curve was obtained by the method described in refer- 
ence S. The orifices cn the dov/nstrean side of the fan 
v.rill givo, static prospure if there is no rcta':ion in the 
air r.treain, and the manometer will ihen give ".he true 
pressure rise across the fan. I'rcm the stroamx angles for 
the condition P = 25^^, p = 50^, the values from the 
manometer vcading aro scon to fall on the cur^^e near the 
point where '4/ = 0^ . 

DSTSilMIiTATIClT 0? LIITT COSFFICISNT 



In order to calculate the lift coefficient of an air 
foil, it is necessary to know the force on the airfoil 
and the direction and magnitude of the me^.n n^lative ve- 
locity. The vector diagrrms for these forces and veloci- 
ties pre shown in figure 50o The determination of the 
lift coef f ic: on.; of a blade section frcm fe..n characteris- 
tics L-.ust noi:^ H'.:P r i'ly involve cert'-ir a s o'l.'.mpt L ol s . These 
assumptioiiv-^ 7i.^.'.n'.ly concern zho v:^.r iat i on of velocity, 
torque, si}rca.n ar^gle, and pressure along the :?^.d.iaz . The 
velocity 1 1^. f:. o.aic d to be ccns-'.-ant o-v-er the disk area.. 
This assumption may be sl:U-'htiy in oiror ciue o effects 
of boundary l--;vcr and bl'ulo- pi ^ oh di ^^.^r-ibut i on , but it 
appears to be the mo jt praCLia.-O a sun p t x on . The torque 
lonuir.g is aeoumed to be ccpst.-nt over the disk area 
both for the: c ur- 1 1 avene c -•.xc. for the bl-idos, oh^^t is, the 
tor:i^ue per unii disk area o instant aiv^ng fie radius. 
From these assumptions and observations of tho stream an- 
gle, a torq^ue coefficient for the contravenes can be corn- 
put ed c 

Det^rT^in'^ t i on of Cm The nondimensi cn^*.! coeffi- 

; 

ciont is defined as 
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r - ^ 

In order to detormino Crp , it is thGroforc nocoss'i.ry 
^ to c'otp.in from the "blov/er chp ract er i s t i c s , 



171 rp 

-1:) 's- 



In order to evqlu^te T^, the rot?(tionol mcmentum 
in the '^ir stream is considered 



R 

_ / 

^ J 

r 



g ^ rV tnn ^4/ pd'' 



0 

SulDstitution -^nd intojrrtion ^ive 

2 [1 - (ro/H)^l pq^ ^ 

' [1 ^ (r,/:0^]' ^ 



Evaluation of the const'^ints, ^^^here ^o/-^ 0.69, gives 

pQ^^ 

To = 1.0-3 8 — — t r n \i/ 



Therefore , 



G ^ _ -.-1.C38 tan \i/ (l) 



(Q/nr'^) 



The contmvnne tnrnue coefficient Cnn wn s coinputed 

from enup.tion (l) for each test point of the runs v^ith 
contravanes. These points v/ere then arithmetically aver- 
aged for each contravane angle. The averages of these 
readings /^re plotted as points on the curve of figure 51. 
A fairod c^'.rve v;as then dravn through the points and val- 
ues from the fairod curve wore used in further calcula- 
tions. 
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In the calculations of the lift coefficients, some 
operating condition must "be chosen. In connection with 
fan design, the condition of maximum pressure is the 
chief -ooint of interest. In most cases the maximum pres- 
sure occurred at or near the stall* It w^s therefore de- 
cided to compute the C], of the "blades for the condition 
of C 

- max 

Det ermination of CL from torque considerations .^ 
Consider the increment of lift dL on an annulus of area 
dA at radius r, 



C 



2dL 



T, 



pw'^aj; dA 



dT-r) cos 
dL = X 



r SI 



in(6 + ^) 



If it is assumed that dT-^ ^ A 
>^ dA c 0 s V 

Ct. = 



Arpv;^ard.A sin(6 + ^) 



/ y sin^ 6 CC S 'V 

°- = - t) " a (q/nD-)^ 7in (6 ^ ^) 

Evaluation of the constants where r^/H ^ 0.69 gives 



1,948 Cn- sin 6 tan 9 



(2) 



a (q/nD^) tan 6 + tan 7 

Tan 6 is determined as follov/s; 



V 

tan fc 



r ^. 1 (V ^^^^ ^ y ^) 
H 2 



tan 6 = 



tan fc = 



r , 

1 



r 1 

+ tan a - tp.n \i/ 



3 



-2 (3) 



2.53 6 - —--—„• + tP.n a - tan \i/ 
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In order to det.GrminG t.nn a, considor nn annulus of 
•'^.rea dA at a radius r on the contravanes, 



dT, 



A 



dA 



dT = 



X 2rrr dr 



dT 



V 



But from c^nsidorat ion of the rotntionnl momentum, 
- rV tan a pdQ,, 



t an a 



rVpq 



0.823 C-i 



tan a = — 



r/F. 



(4) 



Jor the oporaticn without contravano s , an nnnulus at 
radius . r is conridored nr.d tnn \\i is computed as fol- 
lov/s: 



dTt ■= dTg 



d 



b = J- ^ dr 



Fror. moniGntum considerations, dT = rV tan \|/ pdQ, 



tan \j/ 
ta,n \(/ 



TT 

2 



/r ^ \2 



— X 



H / J r/H (q/nD^)^ 



tan \j/ = 0.8 23 



r /S 



(q/nD^)"" 



(5) 



?or operation with c cnt r n vane s the ccntravanc torc^uo 
coefficient was developed from observed values ^f \j; by 



equation (l). Rearranging; this equation and s-:.b<3t i tut i-.- 
it in equation (5) for conditions cf = 0 gives 

0.8 25 ^- = J X 

f (q/nD^) (Q/nD^) ^-^^^ 

r/R = 0.854 

The direction of the inflow velocity is computed from 
"by equation (4), which gives the stroan angle ahead 

of the "blades a as a function of r/R. This equation is 
rir^orous only frr the condition at which the hl^^des have 
the -oroDcr pitch distribution to give a constant torque 
disk^ loading. VHien Crp^^ = 0, for example, tho equation 

would indicate that a = 0 for all r/R values. But, 
because tho twist in the blades is unchanged f::on the do- 
sign operating conditions, tho angle will be negative at 
the root and positive at the tip. At some par-.icular 
radius, however, the angle will be zero, as indicated by 
equation (4). The computed final stream angle vj/ is also 
assumed constant along the radius. This assum:Dtion will 
be true for y\i = 0. At other computed values Df \i/ , this 
assumption will not be true but \\l will vary along the 
rndius, and tho computed value will be the meaa value. 
V/ithout contravanos this distribution along tho blades 
can be computed from equation (s). If the two expressions 
for final stream angle are equated for Crp^ =0, a value 
of r/R = 0,854 is found for which equation (l) will give 
tho same stream angle ns coriputed from equation (5). At 
this radius, the values of \\f as computed from equation 
(5), rnd a as computed from equation (4) will be approx- 
imately correct for all values of p. This value of r/R 
is aDproximately equal to tho value of r/R for which tho 
outside and inside disk areas are equal. The value for 
equal areas is r/R = 0.859. Consequently, a value of 
r/R = 0.86 was selected as the station for which to com- 
pute the value of . 

In tho computation of the lift coefficients for max- 
imun pressure coefficient, the values of Crp , Cp , and 
Q,/nD^ were picked from the fan curves. These values 
were plotted against P for condition of constant 0 and 
a, against 0 for constant P and O', and against a 
for constant 0 and P. Values were picked off these 
faired curves from which to compute 0^ . In all cases \l/ 
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was cor.puted from the value of O^y "by equation (l) or 
eqv.ation (s). A value of tan V = 0.06 was ai-bitrarily 
asf-umod. This assumption may "be in error hut is of second- 

^ ary i-rportancG hecause it docs not materially affect the 

o vr^ lue of Ct , 

The coruputed values ^f Ct are plotted for variv:us 
Boliditios against the star:e;'er angle s in figures 52 to 
55. The stacT.ger angle s is defined as the angle hetween 
the incomincT air and the plane of the "blades. 



tan s = 



rrnD ^ + ^ tan a 



t a. n s = 



TT 



s r 



''oV 1 r 1 

^^ ^^ 



+ t an a 



t an 



1 c 295 



H ^/nr 



+ tan a 



(5) 



Determin^-it i<n cf Cr^ from pressu re coeffic ient s . - The 

lift coof f i c i >nt on the hlados may also "be ct--»mputed from 
consider. \t 1 r.'^ of the pre^^suro measurements. The pressure 
rise aC":o^-^i :.ho IrlHC-es is not, however, the total pressure 
Ti6e acr^bL^ Ian out is ciual to the pressure rise 

across the fan plus the pressure drop across the contra- 
vano s , 

Ap-^ = Ap + LVy 
If an annulus of the fan at radius r is considered, 

Ct = odL 

cos 'V 



dl = A^.. dA - 

COS ( G + 'V) 

Ct = ^^Pb X ^^"^ ^ 



pw a^dA COS (G + V) 



14 



cr 1 + 



' 8 



- &) ] 



.1 



(q/nD^)^ 



cos a 



sin^e cosV 
cos (6 +V) 



Evaluation of the constants (rp/E = 0.6'3) gives 



r/E r 



Cl = 1.18 |_ 



0.339 



•D 



+ 



(q/nD^) CO 



2 

s a 



^ 1 



tan 9 sin 0 

1 - t ^n 6 tan 'Y 



(7) 



For the condition of no contravenes, a = 0, 
r/E tan 6 sin 3 

Ct = 0.40 — X — g- X 

L a (^/^p^f 1 - t.n e tan -y 

The valuGs of C-j^ as computod from equation (8) aro 
also plotted in fi^uros 52 to 55. This method of comput- 
ing Cj^ from pressure characteristics is probably not so 
accurate as the method from torque characteristics. In the 
method of computing from pressure coefficients the 

assumption is made that "both the pressure and torque loading 
are constant over the disk area. The calculation of pres- 
sure drop through the contravanes neglects the drag of the 
cent ravane s • 

If the tv;o blade sections tested are compared on the 
basis of computed lift coefficients, the curves of fig- 
ures 52 and 54 shov/ that the HACA 6412 section gives a 
higher Gj, at the upper end of the stagger-angle range ;^ 
whereas the values are nearly equal or slightly higher for 
the E.A.?. 6 blade section at stagger angles below about 
16° to 24°, depending on the solidity. 

In figure 53, the four points plotted at stagger an- 
gles below 2° do not seem consistent with the rest of 
the curve. These values were taken from tests at blade 
angles of 10° and 15°. At these low blade argles, there 
is no definite stall and no true maximum . The stag- 
ger angle cannot be small enough actually to stall the 
blades. The maximum limit on the angle betwG:en the blade 
and the incoming air (P - s) is equal to £ when s = 0, 
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which is the condition of Q,/nD^ = 0. The angle of the 
air approaching the hL-^des, therefore, cannot "become large 
enough to stall them. When Q/nD^ = 0, the lift coeffi- 
cient is indeterminate if any pressure is developed or 
torque is ahsorhed. The "basic assumptions for computing 
Cl "become invalid as this condition is approached. The 
foregoing derivations for .lift coefficients are thus seen 
to break down at .low values of C,/nD^. Pressure that is 
produced with no air flow through the fan is evidently the 
result of a circulatirn nround each individual hlade/ 

The excessive scatter of points for the data taken 
from tests with contravancs, as shown in. figures 52 and 53, 
is probably due to variation from the assumed distribu- 
tions of velocity, pressure, and torque. In most cases 
the agroem.ont betv/een calculations from pressure curves 
and torque curves is satisfactory. 

There is need for additional data from airfoil cas- 
cade tests with respect to lift coefficient nnd angle of 
attack, from zero lift to the stall nnd beyond to a point 
corresponding to zero qu'^.ntity, for various solidities 
an-d var i.ous ai r f oi 1 s o c t i on s . 



SUMMAHY 0? RESULTS 



Tests of an axi.ol-fiow fan with 6, 9, 12, 18, and 24 
blades of R.A.?. 6 and ITACA 6412 airfoil section through 
a range of contravene and blade angles indicate: 

1# A change in the contravane angle was a suitable 
means of controlling the pressure output of a fan when 
the quantity range of operation was small* 

2. The 12-blade fan gave the highest efficiencies 
in nearly all cases, 

3. The drag of the contravancs caused a falling off 
of the efficiency at low solidities. 

4. The angle of .attack for zero pressure and torque 
decreased with increasing solidity. 

5t Ho large differences appeared in the characteris- 
tics of a fan v/ith blades of R.A.F. 6 section and of 
NACA 6412 section. 
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6. The NACA 6412 section showed a slightlv higher 
computed lift coefficient than the R^A.F. 6 sec*:ion for 
mo^.t conditions, "but the difference was not of i;he order 
indicated "by conventional airfoil tests. 

At maximum pressure coefficient the lii't coeffi- 
cient considerably decreased with increasing solidity, 

Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronaut ict5 , 
La ngloy Field, Va. 
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Equation f£) 
:^Equat/on (Y) 



/2 /6 ao 2^ Z3 52 J6 ^4 4^ 

Ar?gf/e of stagger s ^ deg 



n^ureSS -Lfft coeff/c/ents ca/culatcd from fan characteristics w/th NACA 64i£ 
tiade section and with contra vanec^ for points of maximum pr^5<=;ure 
coeff/c/€/7t: 



